X

HBKBNRANDOIAJOBRFICBITIREERDERK

#2A KA~ K & H (HLEH
Foa# # ¥ £ HigEH)
E B F ¥E —Z B (EiTgxz)

Empirical Formula of the Attenuation Constant of Microwave band in Head Race Tunnels

Norio SASAKI, Non-Member, Terumitsu MITOMO, Member (Tohoku Electric Power Co.,Inc.)
Jiro CHIBA,Member (Tohoku Institute of Technology)

This paper derives an empirical formula of an attenuation constant inside small cross-section

tunnels(2nd-13mf) which are used as headraces in hydroelectric power stations.

Electric feild

strength/distance inside the tunnel was measured(l.9GHz-18GHz), and the obtained data was

submitted to statistical analysis.

The attenuation constant obtained from linear regression analysis was larger than that

reported by researchers.

With the attenuation constant as a criterion variable,multiple regression analysis was conducted.

Examining the correlation and regression coefficients gave two parameters with highly partial
F values. One is the fundamental attenuation constant term of(A ?/r *), the same as the previously

reported parameter,and the other is the additional loss term of (A ° 2%/ e® ®°") We proposed.

The parameters yielded an empirical formula which estimates the attenuation constant in the
waveband(0.006mn= A <1.5m) broader than before.[4175-(A2/r°)+64.4-(A° 22/ e %57)] The
attenuation constant using the empirical formula agreed with that obtained from experiments,

confirming the effectiveness of our proposed empirical formula

I't was concluded that the attenuation constant in the Giga-hertz range includes additional loss,

resulting in the analysis value larger than the previous value
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Fig.1. Aqueduct profile of hydraulic power station

438 T.IEE Japan, Vol. 121-C, No. 2, 2001




AR v AV DBREEHRDEEN

MRS D, T, BKEE DR NATHERZHHE
L758%, FEBDRRBUORERIZ, ThbHER:
BB AR T D T L ANHELRL, TORHUKE N RN
RERDE>LLBRABRTHY, KHEEELHI S
STROMEEL o T/,

DI M ANBEEBEOBERL UTHEY
5 b RNVAREREEF D Y P HBEALTHY, VHF
#, UHF#HTOBENBALDIIZNTWVS, —HHAR
MRV (BT 2 d~13d128) D& 5 A/ME b v
WMZEWT, BETELZAERIEYI 70E#He 252
ERE Y LTWE A, 4 7 O#ETOERETIISE
FANETORE C "B RINTVWBIRETHY, I
HMANVEETNEUERBIFIZRZT bhRW,

FITHLIT, KB RINTIA70BFEOTREH
1FOA=MVEZYD, WSOEBRUTITMEHETS
BREBOEBRAIIOVTRI 2172/, THhIZEBRER
PHAKBEN VA NVAERY ATALEETEIIH-D, B
LEELEHLL->TL 3006 TH 3,

AR X TIIBAE b FA VA TEREROEZRA % /ERK
THIIHAY, MAMPELACTRT T2, 27,
EREKR N RANVOREEMTELN A4 DERME
F—=R BN _RERICEDEREREE, HKB M ANV
DREILABBOBRIZIZIBREBOKMEEZRL /=,

RIZBRERIZFETDINT A—ZOBA LS £k
ETE/-0, ELBHBEEOCHMBMEKRE " © AV
bNTWAEEBMBITRERL, £/, BALEENS
A—RIZEVERBIYE, BABMANOTA IO
BT BREBDOERRA 2B /-.

2. mAREAE

KBV ANVATERAREFRERELBS2DIZ, B
LBHEN S BROKNFEEHAERIKE N XNVTER
BMEORE 2 1T-o 7. BIFITMHEHL 28K N> 3 Vi38
HHE2. Id~13dDBHEHHE I 7)) — NS EHET
»Hd.

BIBICAVEEBRELE21IRY, 21280 T, &%
EEBICIIEERAERE L, ZTEEBIBARIIS LT
>S4 HE, RERET VT RS-V TTFEFERL,

£1 fE#T
Table 1. Measurement specification.
R 1.9GHz~18GHz
7K B b i R 2. 1md~13nd
EEHH 10mW
ERAA WL EMER
SERHIG 30kHz
ERETVTT r"=vTrTF
BEHRE
77 7% 80cm

WHHC, 121%25, FRBF 439

1.L9GHz~I18GH z 2 COABKEAEL 2. ThbHH
EEBIIESIIRTLSIC, BB PUINVAICHREL,
RIEEEPLH],000m F TREXBLREAE— RNTHBY
IY, BRABELRRE LA, AEL-BRT—2IL, YV
TV VT EBISTAEY —Va—-HIZRB/L, EbET
B~ —A(0m)HRBL, ImOERMERBE PRIE
kRO, EEMOBEICAVAHZEBOTEETER
1IZRY, v

3. BREMDEBRR

ZITIE, IA 7 OEBIZET BHKR MU RAVNEE
EBEHRETIIIHLERNSA—ADHAL, EERA 2B
5720, BERIMESERBTOERRIMEHVTE
HwETS.

G HERMT BBEEETOBRER:HES
78, VAERMTELNE, ThAETNOERMERBE
PREZ BN _REICESVERERL 2, T2 OULERK
e UTIZREE— REBIEE N, BAPAEFIEANLTY
DRET VT FEEEMIZRE, THUBROERNIZER
THRMERAVE.

ZORRGERTHIR2OBRER L, HROBEREN

(HERE)
| ERRERR |
EERERE Ao 75

PUFr —> (REER)
R

AN bGA
713447
|
F: P
=N va-¥

K2 \ERBELER
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Table 2. result of regression and comparison.

By | wER | REEH | (DX | (#2)RX

E W (GHz) | () | (dB/km) | BEEH | RREHK
(dB/km) | (dB/km)

HKBEO 1.9 4.1 89.3 66.5 39.0
2.45| 4.1 59.8 40.0 23.5

2.45| 4.1 56.8 40.0 23.5

5.0 4.1 19.3 9.6 5.6

5.8 4.1 17.4 7.1 4.2

5.8 4,1 18.8 7.1 4.2

10.0 4.1 18.0 2.4 1.4

. ¥i3210) 2.45| 2.1 135.0 | 109.1 64.0
2.45| 2.1 137.0 | 109.1 64.0

12,0 2.1 18.0 4.6 2.7

2.45( 13.0 19.3 7.1 4.2

¥ABO 2.45( 13.0 21.7 7.1 4.2
5.0 | 13.0 13.5 1.7 1.0

10.0 | 13.0 6.2 0.4 0.3

BKBED 1.9 | 12.7 22.0 12.2 7.2
5.8 | 12.7 8.1 1.3 0.8

5.8 | 12.7 7.0 1.3 0.8

18.0 | 12.7 10.1 0.1 0.08

L% 336 1.95{ 3.8 100. 0 70.7 41.5
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